Introduction
The first article 1 in this two-part series on the economic evaluation of health care interventions examined the key concepts of economic evaluation in health care, and the methodological issues pertaining to identification, measurement and evaluation of costs and benefits. The aim of this article is to examine how the costs and benefits previously identified can be brought together within the framework of an economic evaluation.
The three principal economic evaluation techniques are: cost-effectiveness analysis (CEA), cost-utility analysis (CUA) and cost-benefit analysis (CBA). The technique(s) chosen will generally be determined depending on whether the question being addressed is concerned with allocative efficiency or technical efficiency. An allocative efficiency question is concerned with 'whether' to allocate resources to a given programme. All health care programmes have to compete for scarce health care resources. These 'competing' health care programmes may include, for example, family planning clinics, home visiting services, asthma clinics, rheumatology clinics and elective surgery for hernia repair. An allocative efficiency question would be: Should there be increased neonatal scanning services or increased provision of elective hernia repair surgery? In contrast, technical efficiency is concerned with 'within programme' efficiency, namely how best to provide a given service. The resources, or budget allocated to a programme, are taken as given and the issue is simply 'how best' to provide that service. A technical efficiency question would be: When providing care for patients with a miscarriage, is surgical, medical or expectant management the most costeffective option?
Economic evaluations are often undertaken alongside randomised controlled trials (RCTs) in which the health care (and sometimes non-health care) resources consumed by patients are evaluated in tandem with the estimation of health outcomes. However, more recently, more economic evaluations are being carried out using a combination of multiple sources of information both for outcomes (clinical trials, observational studies, cohort studies, public health statistics, epidemiological data and preference surveys) and for resource use and costs. This evidence is then synthesised using decision analytic modelling. A section on this approach is provided later.
Before moving on to the main theme of this article, Box 1 provides a useful reminder of some of the economic evaluation terms employed in the previous article.
Bringing costs and benefits together within an economic evaluation framework As outlined above, there are three main frameworks for combining costs and benefits within an economic evaluation framework in health care: CEA, CUA and CBA. Which method is used depends upon the outcomes being measured and, more often than not, depends upon the evaluation context. For example, within an RCT it is often difficult to choose the economic evaluation framework in advance, 2 as there may be a large number of possible outcomes including effectiveness and utility measures whose results cannot be predicted in advance of completion of the trial. However, this article will introduce the concept of the cost-effectiveness plane, a method that, despite its name, allows researchers to present economic cost and benefit data from all three economic evaluation frameworks.
Cost-effectiveness analysis (CEA)
CEA can, in theory, only be used to address questions of technical efficiency. It examines the effects of at least two competing alternatives 'within a fixed budget'. Such effects are measured in natural unidimensional terms related to the objective of the programme being evaluated (i.e. life years saved, heart attacks prevented, disability days avoided, asthma-free days, percentage reduction in cholesterol concentration, improvement in limb function, and so on).
Recent advances in health economics have seen the reporting of CEA in terms of incremental CEA, whereby a ratio for the extra costs and benefits of an alternative is produced, the numerator being the difference in costs and the denominator the difference in health effect between the two interventions. The incremental cost-effectiveness ratio (ICER) produced is, therefore, a measure of 'extra cost per extra unit of effect' (i.e. ICER = the difference in the mean costs of the two interventions being investigated, divided by the difference in the mean outcomes of the two interventions). However, even once the ICER has been calculated, in order to decide if the 
Willingness to pay (WTP)
A comparative analysis of at least two health interventions used to assess both the costs and consequences of the different health interventions, providing a decision framework.
A measure of health outcome that assigns to each health state a weight ranging from 0 (equivalent to death) to 1 (perfect health) corresponding to the health-related quality-of-life of that health state. These values are then aggregated across all the relevant health states.
A methodology based on the premise that any good or service can be described by its attributes. The extent to which an individual values that service or good will depend on the trade-offs made between levels of these attributes.
The process in which individuals are asked the maximum they are willing to pay, in monetary terms, to achieve a given benefit of an intervention/service. new intervention is cost-effective (or good value for money), there remains a requirement for a judgement to be made as to how much decision makers are willing to pay per extra unit of effectiveness. 3 As outlined in the first article 1 in the area of family planning and reproductive health, effectiveness measures may include number of live births achieved, number of pregnancies avoided, breastfeeding weeks, gynaecological infections avoided, and so on. For example, in comparing the extra costs and effectiveness of in vitro fertilisation (IVF) treatment with 'no fertility treatment', the ICER may represent the 'extra cost per extra live birth achieved'. One useful way of presenting the results from CEA (and indeed from CUA and CBA) is by using the costeffectiveness plane. The cost-effectiveness plane is used to represent graphically the relevant dimensions of an economic evaluation (Figure 1) .
The difference in effectiveness between alternative interventions, a comparator and a new treatment, for example, is plotted along the horizontal axis, and the difference in cost on the vertical axis. In the SE and NW quadrants, one intervention is clearly more effective and less costly than the other and therefore this intervention would be a clear winner in cost-effectiveness terms. In the SW and NE quadrants, however, the decision is a trade-off concerning the extra cost of additional effectiveness, and the maximum acceptable level of cost-effectiveness becomes a matter of judgement. The results from all methods of economic evaluation can be plotted graphically on the cost-effectiveness plane.
Cost-utility analysis (CUA)
In health economics, CUA has become synonymous with the quality-adjusted life years (QALY) framework, outlined in the previous article. CUA is similar to CEA in that health effects are the main focus. However, the main difference is that CUA incorporates utilities in its outcome measure and therefore outcomes are represented in terms of QALYs. CUA can, therefore, be seen as an improvement on CEA as it attempts to combine more than one outcome measure, and takes account of both quality and quantity of life. One reason for the development of the QALY framework was so that comparisons could be made across different health care interventions in different clinical areas (i.e. so that allocative efficiency questions could be addressed). In this way, those interventions having the lowest additional cost per additional QALY gained should be prioritised so as to maximise the number of QALYs gained from a given health care budget. However, such comparisons across health interventions can only be made when generic QALYs are used, such that alternative health care interventions can be compared on the same dimension. As with CEA, cost and QALY differences between the two interventions being compared are reported in terms of incremental ratios; in the case of CUA, this ratio is referred to as an incremental cost-utility ratio. Incremental cost-utility ratios can also be represented using the cost-effectiveness plane outlined above, whereby 'utility' is the measure of effectiveness. The use of CUA is the favoured methodology of the National Institute for Health and Clinical Excellence (NICE). 4 
Cost-benefit analysis (CBA)
CBA is commonly used to address allocative efficiency, though it can also be used to address technical efficiency. It requires all costs and benefits to be measured in commensurate units, usually money. Costs can then be directly compared with benefits. CBA is the only form of evaluation that addresses the question of whether a particular intervention is 'worthwhile' (i.e. whether the benefits of a programme or intervention exceed its cost). As outlined in the previous article, monetary benefits are commonly measured using the 'willingness to pay' (WTP approach) 5-10 or the 'stated preference discrete choice experiment' (SPDCE) method. 7, [11] [12] [13] [14] [15] [16] Basically, the goal of the CBA framework is simply to identify whether an intervention's net benefits exceed its costs. Whilst it may be tempting to label cost savings as 'benefits', this is misleading and such analyses are considered cost analyses. Indeed Zarnke et al. found that 60% of studies claiming to be CBA were actually cost comparisons where no attempt had been made to value the benefits in monetary terms. 17 CBA is broader in scope than CEA and CUA because its monetary valuation of benefits does not restrict it to valuing and comparing programmes in health care only. Indeed, the CBA framework can be used to compare health and non-health programmes across government sectors. 18 There are a number of inherent difficulties with the WTP method, not least the ethical objection to measuring health in monetary terms. Despite its solid grounding in economic theory, a number of researchers have called for further research into many aspects of this methodology. 19, 20 Box 2 provides an overview of the types of economic evaluation frameworks discussed.
The next section introduces the concept of using decision analytic modelling methods to bring costs and benefits together into a framework. 
New treatment dominates

Existing treatment dominates
New treatment more effective but more costly
New treatment less costly but less effective
New treatment more costly
Figure 1 Diagrammatic representation of the cost-effectiveness plane. C, comparator
implant were the dominant alternatives, saving in excess of US$13 000 and preventing 4.2 pregnancies, as opposed to no method of contraception. This study is an example of an economic evaluation, whereby the cost and effects of different interventions are compared with the costs and effects of no method of contraception within a CEA framework. This study was categorised as a CEA as its measures of outcome were natural units (i.e. number of pregnancies avoided). The next example illustrates a similar study, this time, however, reporting its outcomes using QALYs.
Example of the CUA framework
In a similar fashion as in the CEA above, Sonnenberg et al. developed a model to determine the cost-effectiveness of 13 different methods of contraception compared to non-use of contraception. 37 The main difference in this study, however, was that the measure of outcome was the QALY, hence both life expectancy and quality of life were measured in a single outcome. To elicit QALYs, the authors used a convenience sample of females who were asked to report utilities for each of the health states relevant to contraception (relevant health states included AIDS, infections, menstrual-related disorders, vaginal delivery, Caesarean section, elective abortion, and so on). For temporary morbidity (i.e. the pregnancy in itself) the disutility values were subtracted to calculate the contribution towards QALYs. For long-term morbidity, disutility values were multiplied with the time spent in that condition to calculate its contribution towards QALYs. As before, contraceptive methods were dominant over use of no contraception. In comparison to the previous study, however, this study also compared the costeffectiveness of the different types of contraceptive methods. The study found that all contraceptive methods, other than vasectomy and depot medroxyprogesterone acetate (DMPA), were not cost-effective as they were more costly and achieved less QALYs than DMPA. As vasectomy was found to be less expensive and less effective than DMPA, an incremental cost-utility ratio was estimated. The results of the incremental analysis showed that the cost for each QALY gained using DMPA over vasectomy would be US$18 064. However, to determine if DMPA is a cost-effective contraceptive method over vasectomy depends on how much the decision maker values each additional QALY. If, for example, an extra QALY is only valued at US$1000 then this intervention will not be cost-effective; however, if each extra QALY is valued at US$1 million then this intervention will be highly cost-effective. If we use the implicit cost-effectiveness threshold at which interventions are deemed cost-effective (i.e. £30 000 per QALY or approximately US$56 000 per QALY), then DMPA would be a cost-effective method of contraception. This latter approach to 'valuing' health outcomes using monetary terms brings us into the realms of CBA.
Example of the CBA framework
As with most other areas of health care, the majority of work carried out in reproductive health care using the CBA methodology has been either in the area of detailed costing 43 or benefit assessment, 12, [44] [45] [46] and there is very little published work which combines both costs and benefits within a formal CBA framework. 11 The study by Farquar et al. 47 was introduced in the first article. 1 Whilst this study was primarily a cost-effectiveness model, Farquar et al. also conducted a CBA alongside the CEA model. 47 In this study the costs of vaginal compared to abdominal hysterectomy were ascertained using the WTP
Economic evaluation using decision analytic modelling
Decision analytic modelling is used widely in the economic evaluations of health care technologies and pharmaceuticals. The purpose of decision analytic modelling is to structure evidence on clinical and economic outcomes in a form that can help to inform decisions about clinical practices and health care resource allocations. Decision analytic models use specialised decision tree software or spreadsheets to synthesise evidence on health benefits and costs from many different sources, including data from clinical trials, observational studies, cohort studies, public health statistics, epidemiological data and preference surveys. Decision analytic models provide a means of combining this evidence together in a formal economic evaluation. For decisions about resource allocation, the end result of a model is often an estimate of cost-effectiveness or cost per QALY gained. A good introduction to the use of economic evaluation using decision analytic modelling can be found in Briggs and Sculpher 21 and Drummond et al. 22 
Economic evaluation and family planning and reproductive health
There have been a number of economic evaluations in the area of family planning and reproductive health. [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] Petrou et al. 25 highlighted the lack of methodologically robust economic analyses in the area of alternative modes of birth and demonstrated that much of the evidence that is presented in the medical literature is of poor methodological quality and does not exhibit a clear understanding of economic issues. However, the area of the cost-effectiveness of IVF and embryo transfer has recently attracted greater interest and there are a number of economic evaluations in this area. 23, 27, 34, 36, [38] [39] [40] [41] [42] In their systematic review of economic evaluations carried out in this area, Garceau et al. 23 conclude by saying that "future economic appraisals of assisted reproductive techniques would benefit from more robust methodology than is evident in much of the published literature to date". In the next section, examples are provided showing how the CEA, CUA and CBA frameworks have been applied in practice in the area of reproductive health care.
Example of the CEA framework
Trussell et al. developed an economic model to determine the cost-effectiveness of 15 different methods of contraception (including tubal ligation, oral contraceptives, female and male condoms, cervical cap, withdrawal and periodic abstinence) with no method of contraception. 26 The main outcome measures of their analysis included 1-and 5-year costs, and the number of pregnancies avoided compared with the use of no contraceptive method. For the economic analysis, the authors used the perspective of the third-party payer (e.g. the health service or a private insurance company), and as such only the direct medical costs were included in the analysis. These costs included: (1) method use costs (such as the costs of condoms, tubal ligation, etc.), (2) side effect costs (including costs such as uterine perforation as a result of copper-T intrauterine device (IUD) implantation) and (3) costs of unintended pregnancy (including costs incurred from time of conception until pregnancy termination, such as ectopic pregnancies, spontaneous abortions or term delivery).
The results of this study showed that all 15 methods of contraception were dominant over no method of contraception (i.e. they were all both more effective and less costly than no method of contraception). Over 5 years, the copper-T IUD, vasectomy and the contraceptive method. Whilst the results showed that the cost of avoiding one abdominal procedure was NZ$4577 per case and the cost of avoiding one vertical incision was NZ$6263, the WTP estimates revealed that in no case did the valuations for vaginal compared to abdominal nor the avoidance of a vertical incision exceed the extra costs, implying that such procedures were in fact not cost-beneficial.
There is also a small body of work emerging in the area of CBA in reproductive health care in developing countries. 48 Much of this work, sponsored by the World Health Organization or The World Bank, is concerned with the country-level burden of illness costs and benefits of the prevention, care and mitigation of HIV/AIDS in addition to maternal mortality issues.
For readers interested in the applying the methodology of CBA in the area of family planning and reproductive health care, a good summary of both the theory and applications of the method can be found in Drummond et al. 22 
Discussion
In this article we have provided an overview of how the costs and benefits of different interventions are combined together in an economic evaluation, with the 'type' of economic evaluation invariably being decided by the outcome or benefit chosen. As QALYs combine quality and length of life, their use is often preferred in economic evaluations. Furthermore, combining all the effects of an intervention into a single measure such as the QALY enables interventions in different disease areas to be directly comparable, and address allocative efficiency questions in health care as outlined in the first article. 1 As a result, NICE regards CUA as the method of choice when an economic evaluation of different health interventions is performed. 4 However, there will be times when a CEA is preferred over a CUA. This may occur when either the interventions under study have little impact on quality of life (e.g. interventions dealing with diseases with very high mortality rates) or when quality of life estimates are difficult to obtain or cannot be obtained reliably. CBA is the only form of evaluation where costs can be directly compared with benefits and the method is directly grounded in theory. 49, 50 Recently, the use of CBA in the evaluation of reproductive health care interventions has been recommended; 48 however, their use in economic evaluations has been sometimes regarded as unethical by critics 51 as health outcomes (such as lives) have to be measured in monetary terms. However, even though this is done explicitly in this framework, in all frameworks a threshold (i.e. the maximum amount paid for an extra unit of effect) determines what is cost-effective or not.
Summary
In this two-part series on the economic evaluation of different health interventions, the methods for measuring costs and valuing benefits have been outlined and the methods by which the costs and benefits are collated within an economic evaluation framework have been described. Economic evaluation should be seen as a decision-making framework that renders the costs and benefits of any intervention or service explicit. In doing so, informed decisions can be made about the allocation of resources to various programmes. The outcome or benefit measure chosen will decide the actual 'type' of economic evaluation carried out. If a number of outcome measures are chosen, a variety of economic evaluations may be performed and the results used as an aid to decision making. 2 By ensuring that the opportunity costs of programmes are minimised, this should ensure the maximisation of well-being to society given limited resources.
